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41.

42,

43.

44.

Section 8.3

_ 73 1w
“lnzg
T

/3
=Z /3(5602 x—2sec xtan x + tan> x)dx
-

ZZ[

(sec x —tan )c)2 dx

/3

tanx—25ecx+tanx—x]_m3

/3
/4

= —{tanx—seox——x}
2 73

o gpas]

2
=m3-Z.
6

(b) A(x)=s>=w? =(secx—tanx)%, and
_ /3 _ 2 .
V= J‘_”B (sec x —tan x)~ dx, which by

same method as in part (a) equals
43— %7[

A cross section has width w=+/5 y2 and area
w 2 Sr
7rt = ﬂ(;j = 1 y4. The volume is

257 4 T 572
—yd :—[ } =8r.
01 y ay 1 y 0

A cross section has width w = 24/1— y2 and

1 1 . .
area Esz = sz =2(1-y 2). This volume is

1
1 2 1 3 8
20—y )dy=2| y—= =—.
I_l (=y")dy [y 3yL 3

Since the diameter of the circular base of the

solid extends from y = % =6 to y=12, fora

diameter of 6 and a radius of 3, the solid has
the same cross sections as the right circular
cone. The volumes are equal by Cavalieri’s
Theorem.

(a) The volume is the same as if the square
had moved without twisting:

V = Ah=s%h.

(b) Still s2h: the lateral distribution of the
square cross sections doesn’t affect the
volume. That’s Cavalieri’s Volume
Theorem.

45.

46.

[-1,3] by [-1.4,9.1]
The functions intersect at (2, 8).

(a) Use washer cross sections: a washer has

inner radius r = x3, outer radius R = 4x,

and area
A(x) = 2(R* = 1?) = m(16x* - x°). The
volume is
2
jozzz(mxz —x®)dx = ,{E; _lxq
3 7
_S512rx
T2

(b) Use cylindrical shells: a shell has a radius
8 — y and height yl/3 —%. The volumeis

8
IO 278~ y)(y“3 —%)dy

2
8
:27[_[0 (8)}1/3 —2y— y4/3 +_y4 de

8

=27r|:6y4/3—y2 _§y7/3 +Ly3}
7 127,

8327

21

[-0.5, 1.5] by [-0.5, 1.5]
The functions intersect at (0, 0) and (1, 1).

(a) Use cylindrical shells: A shell has radius x

2

and height 2x—x*> —x = x—x°. The

volume is
1
1
j 270 (x—x2)dx = 27| L =Ly
0 37 47 |,

z
-
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(b) Use cylindrical shells: a shell has radius (b) Use cylindrical shells: a shell has radius x
1 - x and height 2x — x*>—x= x—x°. The
volume is

1 2
IO 272(1- x)(x — x> )dx

and height y. The volume is L;r 27 xy dx,
which from part (a) is

Lf 27sin xdx = 27{—cos x]¥ = 4r.
1

= 27[_[0 ()c3 P X)dx
}1 49. (a) A cross section has radius

o r=%\/36—x2 and area

Ax) =772 = %(36)62 —x%). The

=2r l)c4 —gx3 +lx2
4 3 2

r
=

47. volume is J.6i(36x2— x4)dx
0144
o]
=—|12x" ——x
| 144 5 Jo
[-0.5, 2.5] by [0.5, 2.5] _ 36_7r P
The intersection points are ’
(l, lj, (l, 2), and(l, 1). 367
44 (b) [?cm3j(8.5g Jem?) =192.3¢.

1
A her has i di =—, out . .
(a) A washer has inner radius r 4 outer 50. (a) A cross section has radius r=,/2y and

radius R :—2’ and area area 7[r2 = 27Z'y. The volume is
L jo 2ydy =2l y* | = 257.
7r(R2 —r2) =7n| — ——|. The volume is
y4 16 v
5 () V(h) = jA(h) dh, s0 — = A(h).
IZ”[ 1 1de_7{ 11 y} dh
41 | T 3 14 dv dv dh dh
174 16 3y 167 | == A(h)—,
dt dh dt dt
_M dh 1 4dv
48 0o —=———
dt  A(h) dt
) ) 1 For h =4, the area is 27(4) =87,
(b) A shell has radius x and height —=—1.
Jx o dh_ 1 punits® 3 units®
.ol 1 dt 8t~ sec 8t sec
The volume is LM 27r(x)(ﬁ— 1} dx
51. (a)
1 y
= 271'[%)63/2 —lxz}
3 1/4 e 2
11z S
= — / I
48 L
, o
48. (a) ForO< x<z, x f(x)="CI9 _ gy N
X ~
S22
Forx =0, xfix)=0-1=sin 0 = sin x, so

xfix) =sinxfor0<x< The remaining solid is that swept out by
the shaded region in revolution. Use
cylindrical shells: a shell has radius x and
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52,

53.

54.

Section 8.3

height 2\1r2 —x?. The volume is
-[\72722 27r(x)[ 2r? = x? ) dx
P2

2 r
=27r[—§(r2 —x2)3/2} E

= —%71'(—8)

_32r

3
(b) The answer is independent of r.

Partition the appropriate interval in the axis of
revolution and measure the radius r(x) of the

shadow region at these points. Then use an
approximation such as the trapezoidal rule to

. . b
estimate the integral j 7r? (x)dx.
a

Solve ax—x2 =0: This is true at x=a. For

revolution about the x-axis, a cross section has
2

radius r = ax—x~ and area
Ax) =772
=n(ax— x? )2

= 7r(az)c2 —2ax> + x4).
The volume is

J-; 7'[(612)(32 —2ax’ + x4)dx

For revolution about the y-axis, a cylindrical

shell has radius x and height ax— x>. The
volume is

a 1 14
J- 27r(x)(ax—x2)dx =27| —ax® ——x*

0 3 4 1

Ly
Setting the two volumes equal,
5

—7a :lim4 yields ia :l, soa=>5.
30 6 30 6

The slant height As of a tiny horizontal slice
can be written as

As = \/sz +Ay? = \/1 +(g’(y)?Ay. So the
surface area is approximated by the Riemann

55.

56.

57.

58.

n
sum Z 2mg(yp W1+ (g'(y))2Ay. The limit of
k=1

that is the integral.

dx 1
gy=—= , and
dy 2y

2
2 1 2
IO 2m\[y H[ﬁ] dy =j0 74y +1dy

2
=|:£(4y+1)3/2}
6 0
17 13614
3

, dx
¢y =""=y% and
dy

3
jézn[y?}m(ﬁﬁ dy
1
_2 11 4\3/2
—37{6(1+y ) L

- g(Z\/E—I) ~0.638.

oy dx _1 i
g’y &0 Y

3/2 2
3 2 (1 1 i
;{ 8 M o
3/2
o3[ L / L
_27[.[1 {y (3] } 1+4y dy.

Using NINT, this evaluates to =16.110

, and

, dx 1
gyy=—=

dy 2y-1
1 1 2
5 27251 1+(2y_1j dy

1
=27ff5,8\/5dy
2] 2%]

3 5/8
42 [ 5[5
=7l 1—-—

—J =2.997.
3

, and

1

16 V2
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59.

60.

61.

62.

63.

64.

65.

66.

f(x)= L =2x, and
dx

joz 2757 1+ (2x)° dx=j02 2732 1+4x7 dx

evaluates, using NINT, to = 53.226.

f(x )———3 2x, and

jo 277 (3x— x> W1+ (3x—2x)2 dx evaluates,

using NINT, to =44.877.

4 ‘y
X —_——’and

I ' 27wN2x —x?

0.5

1.5
=or j ldx
0.5

15
=27r[x]0.5
=21 =6.283
Fo=2-L1

dx 2Jx+1’

2
2N x+1, 1+ dx

‘[ (\/x-i-l]

_znj \/: dx
=ME(H;)3’2]1
(2]

=4977[~51 313

True; by definition

2
False; the volume is given by I() 7z’y4 dy.
AV = Le (In(x))% dx = 0.718

4
E: V= jo r@—x"")2)dx=361.9

Section 8.3 469
67. B,V = f;6n[42 —(ﬁ)zjdy = 1287

68. D

69. A cross section has radius r = |c —sin x| and

area A(x) = zr?

=7(c—sin x)2
= ﬂ(c2 —2csin x +sin? X).
The volume is
T . .
I() 7[(02 —2csin x +sin’ x)dx

11 d
= c2x—2¢c0os X +— x ——sin 2x
2 4

= ﬁ[(czﬂ— 2c +%7rj—2c}

2
2 —dme+ 2.

0

2

(a) Solve

2

4 7 —ane+Z-|=0
dc 2

2% c—4m =0

rc—=2=0

c=—

V4

This value of ¢ gives a minimum for V

2

because a ‘2/ =272 >0.
dc
Then the volume is

2 2 2
,,z(zj -4”[£]+”—=”——4
.4 V.4 2 2

(b) Since the derivative with respect to c is

. 2
not zero anywhere else besides ¢ = —,
T

the maximum must occur atc=Qorc=1.
2
The volume for ¢ =0 is ”7 ~4.935, and

(37 -8)
2

forc=11itis =~2238. ¢c=0

maximizes the volume.
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470 Section 8.3
(©)

[0, 2] by [0, 6]
The volume gets large without limit. This makes sense, since the curve is sweeping out space in an ever-
increasing radius.

2 2
70. (a) Using d = g, and A= 7[(%) = j— yields the following areas (in square inches, rounded to the
V4 v/

nearest tenth): 2.3, 1.6, 1.5, 2.1, 3.2, 4.8, 7.0, 9.3, 10.7, 10.7,9.3, 6.4, 3.2.

(b) If C (y) is the circumference as a function of y, then the area of a cross section is

)’ (C()’))2 1 6
T — 1§ —— 2
A =rx = , and the volume is .[0 (C(y))“dy.

1 ¢6 1 ¢6 2
© [ Amdy=—[ (C») dy

~ %[%)[5.42 +2(4.5% +4.4% +512+6.3% +7.82+9.42 +10.87 +11.67 +11.67
T

+10.8% +9.0%)+6.3%]
~34.7in>

2
71. Hemisphere cross sectional area: ﬂ[\/Rz e ) =A.

Right circular cylinder with cone removed cross sectional area: ZR? —zh?® = Ay

Since A;=A,, the two volumes are equal by Cavalieri’s theorem. Thus
volume of hemisphere
= volume of cylinder — volume of cone

=R - l7zR3
3

=27zR3.
3

72. Use washer cross sections: a washer has inner radius r =b— \Iaz — y2 , outer radius R=» +«/a2 + y2, and

2 2

area (R* —r?) =7{(b+ /a2_y2j —(b— az_yz) :I
2 2 2 ) 2 .
”_[O(sz) dy=ﬂ_‘-0 2ydy=ny~ | =4m. The volume is

0
I_aa 47rb\[a2 - y2 dy = 4ﬂbffa \/az —y2 dy

2
2

=27%a’b
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73. (a) Put the bottom of the bowl at (0, —a). The
area of a horizontal cross section is

2
ﬂ(\laz —y2 ) =7t(a2 - yz).
The volume for height 4 is
h—a 1
I_a n(a® - y*)dy =7{a2y—§y3}

_ 7h?Ga—h)
—

h—a

—a

(b) For h =4, y=—1 and the area of a cross
section is 7z'(52 —12) =247. The rate of

rise is
@ = ld_V = L(O,Q) = ; m/sec.
d Adt 24r 1207

74. (a) A cross section has radius r = \/a2 —x?

and area A(x)= zr?

(ﬁ)

= (a2 —x? ).
The volume is

Ia 7r(a2 —xz)dx
a

1 a
=7{a2x——x3}
3 —a
=7 (a3 —la3j—(—a3 +la3)
3 3

4
=—ra’.
3

(b) A cross section has radius x = r[l—%)

and area A(y)= 7x2

Section 8.4 471
Quick Quiz Sections 8.1-8.3

1
1. C; jo (sin~' (x))* dx = 0.467

2. A
3. D

4. (a) The two graphs intersect where

\/; =¢ ", which a calculator shows to be
x=0.42630275. Store this value as A.

The area of R is
L)A(e_x _Jx)dx=0.162.
(b) Volume
=L)A;z[(e—x +1)2 —(J}+1)2jdx
=1.631.

2
A X
(c) Volume :.[0 %H(QJ dx

2
=0.035.

Section 8.4 Lengths of Curves (pp. 416-422)

Quick Review 8.4

1. V1+2x+x2 =1+ 1?2, which, since x>—1,

equals 1 +xorx+ 1.

2 2
2. y[l-x+7—=.[[1-2 | , which, since x<2,
4 2
2_

X
equals 1—= or
q 2

2

3. \/1 + (tan x)2 = \/(sec x)2, which since

V4
0<x<—, equals sec x.

2
2
4. |1+ x 1 = l+ix2+i
4 x 2 16 x2
R
4 x2

x> +4

X

which, since x >0, equals
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472  Section 8.4

5. Jl+cos2x = \/2cos2 x, which since

—% <x< %, equals V2cosx.

6. f(x)hasacorner atx=4.

d

7. = 5x*3 = 10 s undefined at x =0,

dx 33/x

f(x) has a cusp there.

8. i(%/ﬁ):

dx 5(x+3)*°

x =-=3. fix) has a vertical tangent there.

9. \/x2—4x+4 :|x—2| has a corner at x = 2.

10. i(1+3 sinx) =sz/3
dx 3(sin x)

x = krx, where k is any integer. f(x) has
vertical tangents at these values of x.

Section 8.4 Exercises
1. (a) ¥y =2x, so

2
Length = j_l 1+(2x)% dx

= I_21\/1+4x2 dx.

_

[-1,2] by [-1, 5]

(b)

(¢) Length=6.126

2. (a) y'= sec? x, sO

0
Length = _[_”/3‘“+ sec* x dn.

(b)

_r _
[ 3,0]byr 31]

(¢) Length =2.057

is undefined for

is undefined for

3. (a

(b)

x'=cosy, soLength = J}f«/l +cos? y dy.

[-1,2] by [-1,4]

(¢) Length = 3.820

4. (a)

(b)

1/2
Length = I_l/z 1+

Y= —y(1- y2)—1/2 , S0

2
Yy
l—y2

dy.

\
/

[=1L2]by [-1,1]

(¢) Length =~1.047

5. (a)

(b)

(©)
6. (a)

y2+2y:2x+1, SO

y2+2y+1=(y+1)% =2x+2, and

y=~2x+2-1. Then y':;,but

V2x+2

NINT may fail using over the entire
interval because y” is undefined at x =—1.

(y+1)?

So, use x = —1. Then x'=y+1

2
3
and Length = .[_1\[1 +(y+ l)zdy.

[-1, 7] by [-2, 4]

Length = 9.294

Yy’ =cosx+ xsin x—cos x = xsin x, S0

Length = J‘(f\ll +x% sin? x dx.
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(b) (b)

/ ~—

[0, z] by [-1,4]

REEEE

(¢) Length =4.698
(¢) Length =3.139

7. (a) y =tanx, so

/6 10. dx=1
Length :L;r \ll+tan2xdx. 0. @@ dx

dy= £ dt
_ 12
(b) y :Itan xdx =In(sec x) dy =3t
[0’ %f} by [-0.1,0.2] [-3,3]by [-2, 12]
(¢) Length =0.549 (¢) Length =20.036
8. (a) ¥ =ysec’y—1, so 11. y'Z%(xz+2)1/2(2x)=x\/x2+2, 5o the
/4 .
Length = -[—7;/3 sec ydy. length is
2
3 3
J.() 1+(x\/x2+2j dsz'O \/x4+2x2+1dx
(b) x'=\lsec2y—1=|tan y|,
3.2
= x“+1Ddx
In(cosy), -2<y<0 -[0 ( )
SOXx = 3 x |:1 3+ :|3
=|—x"+x
—In(cosy), O<y< 2 3 0
=12.
4
/ 12. y':%\/x_, sothelengthis
4 3 YV 4 [ox
. 4
RIS 3/2
(¢) Length =2.198 27 4 )
9. (a) y’=secxtanx, so 80+/10 -8

/3
Length = I " A A1+ sec” xtan® x dx. 27
-7
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474  Section 8.4

4

(4x+4)°
1

4(x+1)?
so the length is

2
IOZ 1+[(x+1)2 —;] dx

4(x+1)2

2
2 2 1
= +D)+——| d
IO {(x ) 4(x+1)2J *

2
=[l(x+l)3 1 }
3 40x+1)

53

6

¥’ =+fsec* y—1, so the length is
/4 4 _ /4 2
J‘_”M\HJr(sec y—1) dy—.[_”Msec ydy

13. 16. y'=x2+2x+l—

=(x+1)% -

14.

17.

=[tan yI7),
_123 =2.
32
18. y' =~3x* =1, so the length is
2
, 1 : -1 -1
15. x'= y———z, so the length is j \[1+(3x4 - dx= .[ V3x2 dx
2 2y -2 -2 B
o]
31
3
=

2
19. (a) ﬂ corresponds to 1 here, so take
dx 4x

ﬂEIS !

dx  2Jx’

Then y = \/;+C, and, since (1, 1) lies on
the curve, C=0.So y= Jx.

(b) Two; we know the value of the function at
one value of x, and we know the square of
the derivative. We can also let

y__1 , which gives the solution
dx 2/x
y=2- Jx.
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20.

21.

22,

23.

2
d
(a) @ corresponds to L here, so take
dy 4

y
d_x as L Then x= —1+C and, since
dy 2 y
(0, 1) lies on the curve, C = 1. So
1
YT

(b) Two; we know the value of the function at
one value of x, and we know the square of
the derivative. We can also let

@ =———, which gives the solution
dy y2

1
Y x+1

Yy =4/cos2x, so the length is

J.ZM 1+cos2xdx = L;ZM\[ZCOSZ xdx

= \2[sin x]7"*
=1

v =—(1=x*)2 713 5o the length is

\/1+(1—x2/3)x_2/3dx

1
SL/EM

x—2/3 dx

1
=8Iﬁ/4

x_l/3dx

1
:8Iﬁ/4

1
:Ssz/ﬂ
2 V214

_g| 231
2 2\2
=0.
Find the length of the curve
y =sin3—”x for 0 < x <20.
20

y = 3_7[0053—”x, so the length is
20 20

20
using NINT, to = 21.07 inches.

2
20
J. \/l + (3—” cos?;—:;xj dx, which evaluates,

24,

25.

26.

217.

Section 8.4 475

The area is 300 times the length of the arch.

y=- z sin zx , so the length is
2 50

25 V4 2 TX
j 1+ Z | sin?| 22| ax, which
-25 2 50

evaluates, using NINT, to = 73.185. Multiply
that by 300, then by $1.75 to obtain the cost
(rounded to the nearest dollar): $38,422.

f'(x)z%x_y 3 +§x_1/ 3 but NINT fails on

2
Io VI+(f ’(x))? dx because of the undefined

slope at x = 0. So, instead solve for x in terms
of y using the quadratic formula.

(3?2443 —y=0, and
3 —lEfl+4
X E=—

3 Y . Using the positive

values, x = %(\/1+4y —1)3 . Then,

,_3 Y 2
¢=3(fa-) ( 1+4y}and

2]/3 22/3
I T 1+ (0 dy = 3.6142.

_(4x% +1)—(8x* —8x)

)2

4x? -8x-1
(4x+1)?

J7 (%)

2
2
1 —8y—
so the length is J. s 1+(% dx
- (4x”+1)

which evaluates, using NINT, to = 2.1089.

There is a corner at x =0:

/\

[-2. 2] by [-1. 5]
Break the function into two smooth segments:

_ x3—5x, -2<x<0
O0<x<l1

3 and
x~ +5x,
, 3x* -5 —2<x<0
3x2+5, 0<x<I
The length is
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28.

29.

30.

31.

32.

Section 8.4

1
[ N1+G7 dy
_ jf’2\/1+(3x2 _5)2 dx+J‘é\/1+(3x2 +5)2 dx,

which evaluates, using NINT for each part, to
~13.132.

y=(1-x)% 0<x<1

N

[-0.5, 2.5] by [-0.5, 1.5]
Y= Vol
Jx

the entire interval because y” is undefined at

, but NINT may fail using y" over

x = 0. So, split the curve into two equal
segments by solving Jx+ \/; =1 with

y=Xx x= % The total length is

2
1 —
2j 14{‘/; ! dx, which evaluates,

using NINT, to =1.623.

[0, 16] by [0, 2]
1 3 g,
y —Zx , but NINT may fail using y” over
the entire interval, because y’ is undefined at
x=0.So0,use x=y* 0<y<2 x¥=4y> and

2
the length is jo J1+(4y>)? dy, which

evaluates, using NINT, to =16.647.

Horizontal line segments will not work
because the limit of the sum ZAxk, as the

norm of the partition goes to zero, will always
be the length (b — a) of the interval (a, D).

No; the curve can be indefinitely long.
Consider, for example, the curve

lsin(ljJrO.S forO<x<1.
3 X

False; the function must be differentiable.

33.

34.

35.

36.

37.

38.

True, by definition.
D; ﬂ:—ZSin(Zx)
dx

/4 K 2
IO J1+(=2sin(2x))? dx ~1.318

dx 2
C,—=3
7 y

y
I_QZ\/H(SyZ)2 dy = J._ZZ\/I+9y4dy

B; ﬂ=\/;
dx
jj\/l+\/;2 dx=%

A; ﬂzéyl/z
dy 2

2
1 3 12 _ .l 9
ZIO 1+[5y j dy—zjo /1+Zy dy

For track 1: y, =0 at x==*10/5 =~ +22.3607,
-0.2x

V100-0.2x>

10v5
evaluate .[—1(;/\;3 1+ ( yl’)2 dx because of the

undefined slope at the limits, so use the track’s
symmetry, and “back away” from the upper
limit a little, and find

2236 ;
2[0 J1+(0? dx=52.548. Then,

approximating the last little stretch at each end
by a straight vertical line, add

24/100— 0.2(22.36)2 =(.156 to get the total

length of track 1 as = 52.704. Using a similar
strategy, find the length of the right half of
track 2 to be = 32.274. Store the unrounded

value as A. Now enter Y; = 52.704 and
Y,

and y,’= . NINT fails to

2
021 J o

V150-0.2¢>

and graph in a [-30, 0] by [0, 60] window to
see the effect of the x-coordinate of the lane-2
starting position on the length of lane 2. (Be
patient!) Solve graphically to find the
intersection at x = —19.909, which leads to

starting point coordinates (—19.909, 8.410).

=A+NINT 1+[
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39. (a) The fin is the hypotenuse of a right

7 .
triangle with leg lengths Ax; and 6. .[0 2m(x+2)sin xdx

daf
paet e A = (g DA - Ig(l—xz)(Zﬂx)dx
(b) lim )] \/(Axk )2 +(f (A ) 8. I7ﬂ'COSZ xdx
n—eoy o 0
= lim Z Axy \[1+(f'(xk_1))2 7 [y 2
n—e (4 9. | ;z[gj (10— y)dy

=[P+ (2 ax

7
10. I ﬁsinz xdx
40. Yes; any curve of the form y =Zx+c¢, where 0 4

c is a constant, has constant slope *1, so that

J‘g\/l-i-(y')z dx = Igﬁdx= aN2.

Section 8.5 Exercises

1[ e dy = [-3¢ 3+ 01,

Section 8.5 Applications from Science and Statistics 24
(pp. 423-433) = —%+9 =4.4670]
e
Quick Review 8.5
3
2. j xsm( )dx
1
L@ [ de=[-l) -1 0 4 .
¢ 4{4 . [nxj (ﬁxﬂ
=—| —sin| — |—xcos| —
(b) =0.632 Tz 4 4o
1 | 4\/—(2 3} 3.84731]
2. (a) joexdx=[ex]0=e—1 T \zr 2

(b) =1.718

w

3 1 .
[ 9—x2dx=[——(9—x2)3/2} =9]
NG ' ’ 0

2
3. (a J.://4 sinxdx:[—cosx]Zﬁ:T2 0
4. IO (e qlnxcosx-i—Z)dx—[e“”-i—2x]%)0

(b) =0.707 — 810 49

3 =~19.5804 ]

3.2 _|13 _
4. (@) IO (x"+2)dx = [Ex * Zx} =15 5. When the bucket is x m off the ground, the

’ water weighs
(b) 15 20—x
F(x)=490 0
2 2 N
2 —_—
5. (a) L ;C 1dx=Eln(x3 +l)} —490(1—%)
+
’ 1 l =490-24.5x N
5[1n9 In2] Then
20
%m(zj W=j0 (490 —24.5x) dx

=[490x—12.25x*12°

(b) =~0.501 =4900J.
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When the bucket is x m off the ground, the
water weighs

20— 4x
F(x) =490 >
20
=490 1- =
25

=490-19.6x N.
Then

20
W= jO (490-19.6x) dx

= [490x—9.8x213°
=5880J.

When the bag is x ft off the ground, the sand
weighs

P =144 222
()= 18
=144[1—i)
36

=144—-4x1b

18
Then W = jo (144 — 4x) dx

= [144x—2x* 118
=1944 ft-Ib

(@) F=ks,so800=k(14—-10) and
k =200 Ib/in.

(b) F(x)=200x, and
2
jo 200x dx =[100x213 = 400 in-Ib.

(¢) F=200s,s0 s :@ =8in
200

(@) F=ks,s021,714 = k(8 —5) and
k =7238 1b/in.

(b) F(x) = 7238x
1/2
W= j /20238 dx
0

= [3619x21}2
—904.75 ~ 905 in-Ib,

1
and W =L/27238xdx

_ 241
=[3619x ]1/2
=2714.25=2714 in.-lb

10. (a) F=ks,so 15021{%) and

11.

12.

13.

k =2400 Ib/in. Then for s = %,

F =2400 [%) =3001b.

1/8
(b) jo/ 2400x dx = [1200x1Y*
~18.75 in.-Ib

When the end of the rope is x m from its
starting point, the (50 — x) m of rope still to go
weigh F(x) = (0.624)(50 — x) N. The total

. 50
work is jo (0.624)(50— x) dx
1 50
= 0.624|:50x——x2}
2 o
=7801J

V. V-
(P2 Z)F(x)dxz (P, V>)
(PpV1) (V1)

_ (P2, V)
(pV1)

(a) Work pAdx

(b) p Vi =(50)(243)'* =109,350, so
109,350

V1.4
(P2,V,)109,350
(V) ylé

-0.44V =32
=109,350[-2.5V 4V =32,
= -37,968.75 in-Ib.

and

Work = av

(a) From the equation x>+ y2 =32

, it
follows that a thin horizontal rectangle has

area 24/9— y2 Ay, where y is distance

from the top, and pressure 62.4y. The total
force is approximately

n
3 624y0(2y0- 37 ) ay
k=1

n
= > 1248y 49~ yit Ay.
k=1

(b) I§124.8y\/9—y2 dy

—[-41.60- %Y1
=1123.21b
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14. (a)

(b)

15. (a)

(b)

16. (a)

2 2

From the equation -+ y—z =1, it follows

3 8
that a thin horizontal rectangle has area

2
64 /1 - 2—4 Ay, where y is distance from

the top, and pressure 62.4y. The total
force is approximately

< } e
62.4 64/1—— |A
k§=1( Vi) ol y
n 2
Yk
= 3 3744y, ,[1- 2 Ay.
= Yk o4 y

j8374.4y,/1—ﬁdy
0 64

2P
—| —7987.2|1-2—
64

0
=7987.2 1b

From the equation x = %y, it follows that
a thin horizontal rectangle has area
%yAy, where y is the distance from the

top of the triangle, the pressure is
62.4(y — 3). The total force is
approximately

1 3
D624y, —3)(— Vi ]Ay
k=1 4

n
= > 46.8(y,* =3y )Ay.
k=1

8
I3 46.8(y,% =3y)dy =[15.6y° —70.2y° 13
=3494.4—(=210.6)
=37051b
2

From the equation y = %, it follows that

a thin horizontal rectangle has area
Z@Ay where y is distance from the
bottom, and pressure 62.4(4—y).

The total force is approximately

(b)

17. (a)

(b)

()

(d)

Section 8.5 479
n
> 62.4(4— ) (2425, JAy
k=1
n

=2 1248\/5(4 Vi — YkS/z)Ay'

k=1
(124832 (ayfy =52y

=124.8x/§Ey3/2 —%yS/z}

—1064.963/2

4

0

Work to raise a thin slice
=62.410x12)(Ay)y.

20
Total work = jo 62.4(120y)dy

) 20
:62.4[60y }O
=1,497,600 ft-Ib

(1,497,600 ft-1b) + (250 ft-1b/sec)
=5990.4 sec
=~ 100 min

Work to empty half the tank
10
= IO 62.4(120)y dy

2 10
- 62.4[6oy JO
=374,400 ft-1b,
and 374,400 + 250 = 1497.6 sec = 25 min

The weight per ft> of water is a simple
multiplicative factor in the answers. So
divide by 62.4 and multiply by the
appropriate weight-density.

For 62.26:

1,497,600 [%) =1,494,240 ft-1b and

5990.4 62.26 =5976.96 sec =100 min.
62.4

For 62.5:

1,497,600 625 =1,500,000ft-Ib and
62.4

5990.4 @ = 6000 sec =100 min.
62.4
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18.

19.

20.

21.

22,

Section 8.5

The work needed to raise a thin disk is
7(10)2(51.2)(30— y)Ay, where y is height up
from the bottom. The total work is
jsoloozz(51.2)(3o —y)dy

1, 30
= 51207{30y —Ey }

= 7,238,229 ft-1b

0

Work to pump through the valve is
7(2)%(62.4)(y +15)Ay
for a thin disk and
6 1 6
jo 47(62.4)(y +15) dy = 249.67{5 2 +15y}
0
= 84,687.3 ft-lb

for the whole tank. Work to pump over the rim
is ﬂ(2)2(62.4)(6+ 15)Ay for a thin disk and

L)6 47(62.4)21)dy =47(62.4)(21)(6)

= 98,801.8 ft-1b

for the whole tank. Less work is required to
fill the tank from the bottom.

The work is the same as if the straw were
initially an inch long and just touched the
surface, and lengthened as the liquid level
dropped. For a thin disk, the volume is

ﬁ(y+17.5

2
" ) Ay and the work to raise it is

2
”[ Yy ‘:27'5j (gj (8—y)Ay. The total work is

2
7 (y+17.5 4 . .
V.4 — |(8=y)dy, which usin
N ( = ) (QJ( V)dy g

NINT evaluates to =91.3244 in.-oz.

The work is that already calculated (to pump
the oil to the rim) plus the work needed to
raise the entire amount 3 ft higher. The latter
comes to

szhj(57)(3) =577(4)%(8) = 22,921 ft-Ib,

and the total is
22,921 + 30,561 = 53,482.5 ft-Ib.

The weight density is a simple multiplicative
factor: Divide by 57 and multiply by 64.5.

30,561(%) = 34,582.18 ft-1b.

23. The work to raise a thin disk is

24,

25.

26.

712 (56)h = ({107 = y2)2(56)(10+ 2 — y)Ay
=5677(12— y)(100— y?)Ay.
The total work is

10
I() 567z(12—y)(100— yz)dy, which evaluates

using NINT to = 967,611 ft-1b. This will

come to (967,611)($0.005) = $4838, so yes,
there’s enough money to hire the firm.

Pipe radius = éft;

. 360 (1 2
Work to fill pipe = IO 7| | ©4)ydy
=112,3207 ft-Ib.
385
Work to fill tank = jm 7(10)%(62.4) y dy

=58,110,0007z ft-1b
Total work = 58,222,320 ft-lb, which will
take 58,222,320 +1650 = 110,855 sec = 31 hr.

(a) The pressure at depth y is 62.4y, and the
area of a thin horizontal strip is 2Ay. The

depth of water is %ft, so the total force

on an end is

11/6
jo / (62.4y)(2dy) = 209.73 Ib.

(b) On the sides, which are twice as long as
the ends, the initial total force is doubled
to =419.47 Ib. When the tank is upended,

the depth is doubled to 1?1 ft, and the

force on a side becomes

11/3
jO / (62.4y)(2)dy ~838.93 Ib, which

means that the fluid force doubles.

3.75in. :ift, and 7.75in.=£ft.
16 48

Force on a side
= I pdA

31/48 5
= 64.5y)| —dy |=4.2 1b.
IO ( y)(1 c yj
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27.

28.

29.

30.

31.

32,

33.

34.

3s.

1
- 0<t<I2
1) {0 otherwise
5
5
J. L dt = L :i_izl
112 12), 12 12 3
1
- 0<t<I2
1) {0 otherwise
6
6
J. L dt = L :E_i:l
3012 12), 12 12 4

Since o = 2,then 68% of the calls are

answered in 0—4 minutes.

Use f(x)= o~ (x—498)*/(2100°)

1
1005272
(a) jj(?(‘)) Fx)dx =0.34(34%)

(b) Take 1000 as a conveniently high upper
... 1000 _ .
limit: LOO f(x)dx = 0.0217, which
means about 0.0217 (300) = 6.5 people

(@) 0.5 (50%), since half of a normal
distribution lies below the mean.

65
(b) Use NINT to find .[63 f(x)dx, where

1 (x-634)723.2%)
f)=——p=e :
3.2\27x

The result is =0.24 (24%).

(¢) 6ft =72 in. Pick 82 in. as a conveniently
high upper limit and with NINT, find
82
jn f(x)dx. The result is =0.0036

(0.36%).
(d) 0 if we assume a continuous distribution.
Integration is a good approximation to the area
(which represents the probability), since the

area is a kind of Riemann sum.

The proportion of lightbulbs that last between
100 and 800 hours.

False; three times as much work is required.

True; the force against each vertical side is
842.4 1bs.

36.

37.

38.

39.

40.

41.

Section 8.5 481

5 2 5
E; I (350x)dx =175x =43751].
0 0

20
D, W= jo (50—2.5y)dy

=[50y —-1.25y%13°
=500J

B; F =200=kx = k =4000.
0.05
W= jo 4000x dx = [2000x2 199 =5

12
E; IO 62.4(827z)(12— y)dy =903,331 ft-1b.

I35,780,000 1000MG dr
6,370,000 2
35,780,000
:IOOOMG{——} )
¥ 16,370,000

which for M =5.975x10%*,
G =6.6726x107!! evaluates to
~5.1446 x 1007,

(a) The distance goes from 2 m to 1 m. The
work by an external force equals the work
done by repulsion in moving the electrons
from a 1-m distance to a 2-m distance:

—29
2
Work = [* 2X107 4,

1 r2

2
=23%x107%° [—1}

rh

=1.15x10728J

(b) Again, find the work done by the fixed
electrons in pushing the third one way.
The total work is the sum of the work by
each fixed electron. The changes in
distance are 4 mto 6 m and 2 m to 4 m,

respectively.
Work
6 23x107%° 4 23x107%°
=I —dr I —dr
4 r2 2 r2

S R

~7.6667x107% 7.
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42. F=m ﬂ =my @ , SO
dt dx

X2
W= F(x)dx
X2

— (™ my (ﬂj dx
X dx

V2
= mv dv
Vi
1 1
= —mv22 - —mv12
2 2

43. Since initial velocity =0,

Work = Change in kinetic energy = %mv%

20z % Ib
m= > = 2=—s1ug,so
32 ft/sec™ 32 ft/sec” 256

Work =+ L (160)* = 50 ft-Ib.
2\ 256

44. 0.31251b= % =0.009765625 slug,
321t/ sec
and
90 mph =90 5280'ft 1hr
1 mi 3600 sec

=132ft/sec, so
Work = change in kinetic energy

= %(0.009765625) (132)?
~85.1 ft-Ib.
11b
(ie)

45. 1.60z=1.6 0z 5
(32ft/sec”)

=0.003125 slug,

so Work = %(0.003125)(280)2 =122.5 ft-Ib.

( 11b ) |
46. 20z=2 0216—022=—slug, and
(32ft/sec”) 256

124 mph = 124mph(5280 ﬁj[ L hr J

1 mi 3600 sec
=181.867ft/sec,

S0 Work = (181.867) = 64.6 ft-Ib.
2256

11b
47. 14.50z=14.5 02(16—0Z)2 = 0.02832slug,
(32 ft/sec”)

so Work = %(0.02832)(88)2 ~109.7 ft-Ib.

11b
48. 6.502=6.5 02(16—0Z)2 ~0.01270 slug, so
(32 ft/sec”)

Work = %(0.01270)(132)2 ~110.6 ft-Ib.

1 1
49. 2 o0z =—1b=——slug. Compression ener
3 756 g p gy

2
. 1., 1 1
of spring = —ks“ =—(18)| — | =0.5625 ft-1b,
g =L Lo 1

and final height is given by

mgh =0.5625 ft-lb, so h= 05625 =4.51t.

(35)(32)
Quick Quiz Sections 8.4 and 8.5

1. A; y= I\/16x6dx

y= I4x3dx

y=x4

y=(x4—1)+4=x4+3

J.Oz((ﬁ)2 + (312)2)1/2 dt = J.Oleﬁ +9t* dr

2
2 2
3G j_z(z 4—x2) dr= " (16—dx")dx

2
= [16x—£x3)
3o

128.
18,

n
4. (a) ) 624h-2Ah
i=1
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L5 |15 7.
(b) jo 62.4h-2dh =62.4h ‘0 =140.4 1bs.
1 2 \
(c) j062.4h 2J1-h%>dh =41.6 1bs
[-4, 4] by [-4, 4]
Chapter 8 Review Exercises (pp. 430-433) g; (i::rves intersect at x =—2 and x = 1. There
1
5 5 2
1. jO v(t)dt = IO % - 0.26%)dt f_z [3—x"=(x+1D]dx
1
: 5 =j (—x% — x +2)dx
= [Eﬁ - 0.05:4} ~10.417ft -2 X
0 = —lx3—lx2+2x
37 2 5
7 _ 7 4
2. [ e()dr=] 4+0001")di =(_%_%+2j_@_2_4j
= [41 +0.0002° 1) = 31.361gal N
= E'

100 100
3. -[O B(x) dx =.[0 21— %9%) gy

8. x+.y=1 implies

~[21x - 33.333¢%03% 100

2
~ 1464 y=(1-x) =1-2Jx +x.
2 2
4. [ p(x)dr=[ (1-dx)dx
=[11x - 2x213
=l4g [-0.5, 2] by [-0.5, 1]
The area is
24 24 Tt
5. [, E(t)di=]; 300(2—@{5]}# I;(1—2x/;+x)dx=|:x—ix3/2+ xz}
12 (] °
=300 21——sin(—j
.4 12 0
=14,400
6. / 9.
[-1,3] by [-1, 2] l
The curves intersect at x = 1. The area is [-1, 19] by [-1, 4]
) 2 The curves intersect at x = 18. The area is
Iz x—L dx = x—+l 18
1 2 2 x 18 X 4( x 32
x 1 [ 713=\5 |ax=|3x-7| = =18, or
2 3\ 2 0

S |

3
3,020 12 3] _
=1. L)Zy dy—{gy }0—18.
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2 . . 1 5 13.
10. 4x=y“—4 implies x:Zy -1, and

N 1
4x=y+16 implies x= 27 +4. tersection

n'
=2.12B1ze5 IY=-.52B9223

I
H

[-5, 5] by [-5, 5]
The curves intersect at x = +2.1281. The area
2.1281
I (4—x2 —cos x)dx
—2.1281
[-6, 6] by [-6, 6] _l4 I3 . 1281
The curves intersect at (3, —4) and (5.25, 5). Tt ey ) s
The arclaa is 1 ~8.9023.
5 2
L‘sz ’ 4j } [Zy } lﬂdy Y v
5 1 , 1 \\_
= ——y'+—y+5|d
_4( 1 y 1 y j y = <
Intersection
5 R=.B2555Y405 |¥=2.1744459
R e
=|-—y3+=y2+5y [-4, 4] by [-4, 4]
12 8 —4 The curves intersect at x = + 0.8256. The area
0.8256
:ﬁ_(_ﬁj is J. (3—|x|—sec2 X)dx
24 3 -0.8256
0.8256
:& = 2.[0 (3—x—5602 x)dx
8 | 0.8256
=30.375. = 2{3x——x2 —tan x}
2 0
11. =~ 2.1043.
/// 043
15. Solve 1 + cos x =2 — cos x for the x-values at
the two ends of the region: x =27 * %, i.e.,
[-0.1, 1] by [-0.1, 1] 5 ;
The area is 27 or I Use the symmetry of the area:
- w4 3 3
—si dx=|—x"+
.[0 (x=sin.x) [ x* + cos x} 2J. [(1+cosx) —(2—cos x)]dx
2 JE
== +Y= = _
ot 2]27[ (2cosx—1)dx
~(0.0155.

=2[2sinx— ]}

12.
=23 —%7[ ~1.370.

57/3
16. 73/ [(2=cos x) — (14 cos x)]dx
T 37
——,—| by [—3, 3]
[ 2’ 2] j 3 (1= 2cos x) dx
T
The area is 2sinx —sin2x)d.
_[ (2sinx x)dx :[1—2sinx]i%3
T
) —cos?
{ cosx¥ COS XL :2\/§+%7Zz7.653

—4.
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17.

18.

19.

20.

21.

Solve x3 —-x=

x“+1
points at x=0 and x == 24 Then use the
area’s symmetry: the area is

1/4
2[02 { al —(x3—x):|dx

¥ +1
174

=2 lIn(x2 +1)—lx4+lx2
2 47 27,
=ln(x/§+1)+\/§—lz1.2956.

Use the intersect function on a graphing
calculator to determine that the curves
intersect at x=1.8933.

2
1.8933 2 -
The area is I—l 8933(31_)( —xl—o?,] dx,

which using NINT evaluates to =5.7312.

Use the x- and y-axis symmetries of the area:

T _ . 3 T
4_[0 xsin xdx = 4[sin x — xcos x|y = 47.

A cross section has radius r =3x* and area
A(x) = 7[}’2 = 97rx8.

_ ! 8 ;.94 _
v—.[_197rx de=n[x"]1_1=2r

S~

[-5, 51 by [-5, 5]
The graphs intersect at (0, 0) and (4, 4).

(a) Use cylindrical shells. A shell has radius y

2
and height y —yT. The total volume is

I42ﬂ(y)£y —ﬁ]dy
0 4
3

4

4
1 3 1 4

—or| 4y oL
{sy 167 L

32z
=

to find the intersection

(b)

(V]

(d)

22. (a)

(b)

(V]

Chapter 8 Review 485

Use cylindrical shells. A shell has radius x
and height 2x — x. The total volume is

J‘S 27(x) ( 2\/; - x) dx

4
= 27:]0 Q2% = x¥®ydx

4
=2”Fx5/2 _lxﬂ

5 37,
1287

15

Use cylindrical shells. A shell has radius
4 — x and height 2+/x —x. The total
volume is

ISQH(4—x)(2J_—x)dx

4

=2z (8&—4x—2x3/2+x2)dx
0

=2 E)cy2 —2x? —i)65/2+1x3
3 5 3

_64r
-

4

0

Use cylindrical shells. A shell has radius

2

4 —y and height y —yT. The total

volume is

j42ﬂ(4—) —ﬁd

0 Y= |
3

P o ISP SN

_27zj0[4y 2%+ 4}dy

4
2 5 1 4
=2z 2y? -2y 4+ —
[y 37 ML
32z
=

Use disks. The volume is

2
ﬂj(f(\/g)zdy = 71'.[022y dy = ﬂy2 0 =4r.

ﬂ‘[(f 2ydy = 7Z'y2|(]; = k>

Since V = k2, YV ik
dt dt

When k=1,
dk ldV_(L

—_—=——= (2)=i, so the
dt  2rk dt 2 V4
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23.

24,

25.

26.

Chapter 8 Review

. . | B
depth is increasing at the rate of — unit
V4

per second.

The football is a solid of revolution about the
x-axis. A cross section has radius

2
12 1—4i and area
121

2
7l = 127{1 - %} The volume is, given

the symmetry,

2
11/2
2f o PR P
0 121

2
11/2
— 24z =2
0 121

) 11/2
=247{x—(£) [ljxﬂ
11) (3
0
2 6
=887 = 276in>.

The width of a cross section is 2 sin x, and the

2

! | I .
area is E”r = Eﬂ'sm2 x. The volume is

T 2
I”liz'sinzxdx=£ lx—lsin2x =”—.
02 212 4 0o 4

[-1,2] by [-1,2]
Use washer cross sections. A washer has inner

x/2

radius r = 1, outer radius R = ¢/ “, and area

Z(R%=r?) = m(e*-1).
The volume is

In3 In3
I ! m(e* =1)dx =7r[ex —x}o

0
=7(3-1In3-1)
=7(2-1In3).

Use cylindrical shells. Taking the hole to be
vertical, a shell has radius x and height

27.

28.

29.

30.

2422 = x%. The volume of the piece cut out is

joﬁ 2;z(x)[2\/m j dx

3
= 27:]()[ 2xv4 — x° dx

) NG
=2ﬂ'|:——(4— x2)3/2}
3 0
Z—%ﬂ'(l -98)
281

== 29.3215ft.

The curve crosses the x-axis at £3. y" = —2x, so
the length is

using NINT evaluates to = 19.4942.

[-2,2] by [-2,2]
The curves intersect at x = 0 and x = x1. Use
the graphs’ x- and y-axis symmetry:

di(x3 —Xx)= 3x% - 1, and the total perimeter is

X
1
4 0\/1 +(3x% = 1)%dx, which using NINT

evaluates to =5.2454.

N/
[N

[-1,3] by [-3, 3]

y=3 x> - 6x equals zero when x = 0 or 2.The
maximum is at x = 0, the minimum at
x = 2. The distance between them along the

2
curve is IO 1+ (3x2 - 6)c)2 dx, which using

NINT evaluates to =4.5920. The time taken is
4.5920

about =2.296sec.

If (b) were true, then the curve y =k sin x
would have to get vanishingly short as k
approaches zero. Since in fact the curve’s
length approaches 2 instead, (b) is false and
(a) is true.
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31.

32,

33.

34.

35.

36.

F'(x)=+/x*=1, so

j\/1+(F (x))? dx = j\/_dx

(a) (100 N)(40 m) = 4000 J

(b) When the end has traveled a distance y,
the weight of the remaining portion is
(40 — y)(0.8) =32 - 0.8y.
The total work to lift the rope is

40
[, 32-08y)dy=[32y-0.4y"1"
= 6401J.

(c) 4000+ 640=46401J

The weight of the water at elevation x (starting
from x=0) is

4750 - %
(800)(8)| ———2 128( 7so_lxj
4750 95 2

The total work is

4750

j 128 4750 L |ax
95 2

0
4750
128 son— 12
95 4 0
=22,800,000 ft-1b.
F=ks,sok :£=&=@N/ Then
s 03 3
0.3
0.3
Work = j @ xdx _{800%} =121.
6 0
To stretch the additional meter,
1.3
1.3
Work = {2890 4= 390 217 51335,
03 3 0.3

The same amount of work is done, but gravity
supplies the downhill force, so less work is
done by the person.

The radius of a horizontal cross section is

\182 - yz, where y is distance below the rim.
The area is 7(64 — yz), the weight is

0.047(64 — y*)Ay, and the work to lift it over

37.

38.

Chapter 8 Review 487
the rim is 0.047(64 — yz)(y)Ay. The total
8
work is jz 0.047y(64 — y*)dy
8 3
= 0.04;:[2 64y — y3)dy
1 8
=0.O47{32y2 = y‘ﬂ
47 1
=367 ~113.097 in-Ib.

The width of a thin horizontal strip is
2(2y) =4y, and the force against it is

80(2 — y)4yAy. The total force is

2 2 5
jo 320y(2 — y)dy =320jO (- y>+2y)dy
1 2

=320{—§y3+ yﬂ

1280

0
=~ 426.67 1b.

5.75in.= 2 ft, 3.5in.= lft, and
48 24

10in.= éft.
6
For the base,

Force =57 —3><l><5 =~ 6.63851b.
48 24 6

For the front and back,

Force—f 57[;4} dy

_399[1 57
2 2”7
For the sides,

Force—J. 57[42) dy

5/6
B 2 g 48350,
8 27 |,

=5.7726 1b.
0

2
. A square’s height is y =(\/E_\/;) , and its

area is y2 = (\/g—\/;)4
Jy 6 - ax

=j06(36—24\/€x“2 +36x— 46132 +x2 ) dx

6
= [36x—16\/€x3/2 +18x2 —1.6v/6x"2 +%x3:|

0

. The volume is

=144
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40.

41.

42,

43.

44.

Chapter 8 Review

Choose 50 cm as a conveniently large upper
limit.
50 1 —(x— 2/(0.3 42
I D347 oy evaluates,
2034421
using NINT, to =0.2051(20.5%).

Answers will vary. Find £, then use the fact
that 68% of the class is within o of u to find o,
and then choose a conveniently large number
b (x—1)2 2
b and calculate I ;e (x=)7209) g
oN2rm

_2
ex/2.

1
Use f(x)=
Y/ 4
1
(a) .[—1 f(x)dx evaluates, using NINT, to
=~(0.6827(68.27%).

(b) j_22 F(x)dx = 0.9545(95.45%)

[, (0 dx=0.997399.73%)

Because f(x) = 0 and j:o f(x)dx=1

The total area gives the probability that the
variable takes on one of its possible values.
Since the variable must take on some value,
the probability must be 1.

y

1 1 1 1 Ly

2

A shell has radius x and height 2x —% = %x.

The total volume is

I;Z;r(x)(%x) dx =[x, = 7.

45.

46.

47.

1 1 Ly

2

A shell has radius x and height 1 The total
X.

volume is
> 2 ! dx = . 2rdx =[2 ’ =3
-[1/2 7(x) ; x—fl/z wdx=[2rx] =3x.

y

X
T

A shell has radius x and height sin x. The total
volume is

T

L;[ 272(x)(sin x) dx = 27 [sin x — x cos x]o

=272

4+

The curves intersect at x=1 and x=3. A
shell has radius x and height

x—3—(x? =3x) = —x” +4x—3. The total
volume is

J‘f 27(x) (—x2 +4x-3)dx

3
=2 L (=% +4x% —3x)dx
3
=2r —lx4+ix3—§x2
47 37 27 |

_lor
i3
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48. Use the intersect function on a graphing calculator to determine that the curves intersect at x= £ 1.8933. A

x2

2 —
shell has radius x and height 3= —T3. The volume, which is calculated using the right half of the area,

K2 -3

. 1.8933 1x2 . .
is .[0 27m(x)| 3 —T dx, which using NINT evaluates to =9.7717.

49. (@ vy =—%(x+2)(x—2) =5_%x2

(b) Revolve about the line x = 4, using cylindrical shells. A shell has radius 4 — x and height 5 — %xz. The

total volume is

2 2
I 2”(4—X)(5—§x2jdx =107r.[ (1x3—x2—x+4jdx
-2 4 -2\ 4

2
=107 L)c4 —lx3 —lx2 +4x
16 3 2 o

= %ﬂ' ~335.1032 in°.

50. Since daL _ l+ £’(x) mustequal \1+(f(x)%, 1+ (f'(x))2 = i+gf'(x) + f’(x)z, and
dx x 2 x
, 1 1 1 5, 1 .
f(x)= Ex —2—. Then f(x)= Zx —Eln x+C, and the requirement to pass through (1, 1) means that
X

, 1 3 x*>-2Inx+3
— =T

3 1
C =—=. The functionis f(x)=—x
4 F 4 4 4

4
51. y'= sec? X, so the area is L;z/ 27 (tan x)\/1+ (sec2 x)2 dx, which using NINT evaluates to =3.84.

2
1+ [—%J dy, which using NINT evaluates to =5.02.

2
52. x=l and x':—%, so the area is L 27{1]
y

y y y

53. (a) The two curves intersect at x=1.2237831. Store this value as A.
A
Area = IO (2 +sin x —sec x) dx = 1.366.

A
(b) Volume = jo 7r((2 +sin x)? —(sec x)2 )dx
= 16.404.

A . 2
(¢c) Volume = Io (2+sinx—sec x)” dx
=1.629.

1 14 Tt
54. (a) Average temp = —— 80—10cos| — | |dt
@ g P 14—6'[6 ( [12]]

=87°F.
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490 Chapter 8 Review

(b) F(r)= 80—10005(1”—;) >78 for 5.2308694 <t <18.769131.

Store these two values as A and B.

B
(©) Cost =0.05 (80— 10cos U’—z’] - 78] dt

=5.10
The cost was about $5.10.

17
55. (a) ﬂdt = 6004 people.

9 (12 — 241 +160)

17 23
®) 15 15600 . I i 15600
7" (+* =241 +160)

3 dt =104,048 dollars
9 (1* =241 +160)

(¢) H'(17)=E(17)—L(17) =-380 people. H(17) is the number of people in the park at 5:00, and H'(17) is
the rate at which the number of people in the park is changing at 5:00.

(d) When H'(t) = E(t)— L(t) = 0; thatis, at £ = 15.795

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


